Background and Purpose-The Mini-Mental State Examination (MMSE) is insensitive to mild cognitive impairment and executive function. The more recently developed Montreal Cognitive Assessment (MoCA), an alternative, brief 30-point global cognitive screen, might pick up more cognitive abnormalities in patients with cerebrovascular disease. Methods-In a population-based study (Oxford Vascular Study) of transient ischemic attack and stroke, the MMSE and MoCA were administered to consecutive patients at 6-month or 5-year follow-up. Accepted cutoffs of MMSE Ͻ27 and MoCA Ͻ26 were taken to indicate cognitive impairment. Results-Of 493 patients, 413 (84%) were testable. Untestable patients were older (75.5 versus 69.9 years, PϽ0.001) and often had dysphasia (24%) or dementia (15%). Although MMSE and MoCA scores were highly correlated (r
C ognitive impairment after stroke is common and predicts dependency, institutionalization, and early mortality. 1 Approximately 10% of patients with first-ever stroke develop new dementia and at least 30% have dementia after recurrent stroke. 2 Although there is thus a need for short feasible tests of global cognition in stroke, there is no consensus about which test is most appropriate; the Mini-Mental State Examination (MMSE) is widely used but it is insensitive to mild cognitive impairment and may be suboptimal in assessing cognitive abnormalities associated with cerebrovascular disease. 3 The recently developed Montreal Cognitive Assessment (MoCA) is designed to be sensitive to mild cognitive impairment and, unlike the MMSE, includes executive and attentional tasks. 4 The MoCA has been evaluated in mild cognitive impairment of the Alzheimer type 4 and in Parkinson disease 5 but has not been widely used in patients with cerebrovascular disease in whom frontal lobe deficits may be prominent. We compared the MoCA and the MMSE in a population-based study of transient ischemic attack (TIA) and stroke.
Methods
Patients were participants in the Oxford Vascular Study, a prospective population-based cohort study of all acute vascular events occurring within a defined population of approximately 91 000. The Oxford Vascular Study was approved by the Oxfordshire Clinical Research Ethics Committee (CO.043) and informed consent was obtained. The MMSE was administered at the beginning and the MoCA at the end of a 30 minute follow-up appointment together with the modified Rankin score. All patients with TIA or stroke, who were alive and seen for either their 6-month or 5-year follow-up between November 2007 until June 2009, were included in the current study. Reasons for not being tested were recorded.
For comparisons between tested and untested patients, t tests were used for continuous variables and Fisher exact test for categorical variables. A cutoff of Ն27 on the MMSE was chosen to indicate normal cognitive function 6 and the accepted cutoff of Ͻ26 on the MoCA was taken to indicate cognitive impairment. 4 For both the MMSE and the MoCA, mean raw and percent (as percent of the maximum possible score) subtest scores were calculated and z scores were derived by converting the mean raw score and SD to the standard normal distribution with mean 0 and SD 1 (lower z scores indicating greater discrimination between subjects).
Results
Four hundred ninety-three consecutive patients were seen at either their 6-month (nϭ289) or 5-year (nϭ204) follow-up (Table 1) . Nontestable patients (16%) were significantly older (PϽ0.001) than the tested patients and more likely to have had a previous cerebrovascular event (35% versus 19%, Pϭ0.009). Untestability was more likely after stroke than TIA (PϽ0.01) and at 5-year versus 6-month follow-up (Pϭ0.009). The most common reasons for being untestable were dysphasia (24%) and dementia (15%) with inability to use the dominant hand affecting 7 of 80 (9%; Table 1 ).
In 413 tested patients, MMSE scores were skewed toward higher values (median and interquartile range 28 [26 to 29]), whereas MoCA scores were normally distributed (23 [20 to 26]). Two hundred ninety-one of 413 (70%) patients had low MoCA (Ͻ26) of whom 162 had normal MMSE (Ն27), whereas only 5 patients with normal MoCA (Ն26) had MMSE Ͻ27 (PϽ0.00001; Figure) . Results were similar in older versus younger and better versus poorly educated patients. Rankin scores were significantly lower in patients with MMSE Ն27 and MoCA Ն26 than in those with MMSE Ն27 and MoCA Ͻ26 or in those with MMSE Ͻ27 (PϽ0.001).
Individual subtests of the MMSE and MoCA are described in Table 2 together with the results. Z scores were Ͻ7 for all MoCA subtests, whereas in 4 MMSE subtests (registration, naming, comprehension, and reading), z scores were Ͼ10 indicating poor discrimination between subjects. Comparison between those with MMSE Ն27 and MoCA Ն26 (nϭ117) versus MMSE Ն27 and MoCA Ͻ26 (nϭ162) showed significant differences (PՅ0.002, Fisher exact test) between the 2 groups in all MoCA subtest scores except calculation.
Discussion
The MoCA picked up substantially more cognitive deficits than the MMSE in patients with TIA and stroke. Fifty-eight percent of patients with normal MMSE (Ն27) had abnormal MoCA, and these patients were more dependent by the Rankin scale than those with normal MoCA, highlighting the clinical relevance of our findings.
The MoCA differentiated well between different levels of cognitive ability, whereas the MMSE had a clear ceiling effect; over half the patients with MMSE scores Ն27 were designated as cognitively impaired using the MoCA. This echoes the findings of the original MoCA study in which 75% of patients with mild cognitive impairment on neuropsychological testing had normal MMSE but abnormal MoCA. 4 In our study, the MoCA demonstrated deficits in multiple domains that were not detected by the MMSE, including executive function and attention (not tested by the MMSE) and recall and repetition (MMSE items too easy). In Parkinson disease, in which frontal lobe deficits are an early cognitive feature, more than half of those with normal MMSE were impaired on the MoCA and the latter correlated well with a neuropsychological battery. 5 There are limitations to our study. First, determination of the specificity and sensitivity of the MoCA for cognitive impairment in our population could not be made because formal neuropsychological testing was not performed; whereas a score of Ͻ26 on the MoCA has been defined as consistent with cognitive impairment in a memory clinic population, 4 isolated cognitive deficits and/or depression or apathy poststroke may result in spuriously low MoCA scores and thus a loss in specificity. Second, we did not formally assess reproducibility of the MoCA, although associations were robust to different observers as evidenced by the strong similarity between the results obtained in the 6-month and 5-year cohorts. Finally, the MoCA was always performed at the end of the appointment and fatigue may have increased the likelihood of error, although appointments were kept short to minimize this effect.
In conclusion, we have shown that the MoCA picks up substantially more cognitive abnormalities than the MMSE in patients with cerebrovascular disease. Further work is required to determine sensitivity and specificity of the MoCA in relation to formal neuropsychological testing and its ability to predict dementia in longitudinal studies.
